Cranial pins insertion is a method for head stabilization and together with the scalp incision is one of the biggest noxious stimulus associated with arousal and rapid increase of the blood pressure leading to pathological increase of the intracranial pressure. The aim of this investigation is to study the superiority of the locally infiltrated anesthetic bupivacaine just before the skull pin insertion and the scalp incision in craniotomy under general anesthesia. Methods In the study thirty patients of both genders aged 24-72 years were included. They were categorized as ASA 1 and 2 and divided into two group of 15 patients each, group B (bupivacaine) and group S (saline). We recorded the bispectral (BIS) index, the mean arterial pressure (MAP) and the pulse rate (PR) in five time intervals: t 0-2min before pin insertion; t 1-2 min after pin insertion; t 2-5 min after; t 3-10min after and t 4-15 min after. results Significant difference p<0.05 was achieved in group S for all three followed parameters: blood pressure, heart rate and bispectral index. The difference is present in all four time intervals compared to the initial one before the pin insertion. With further analysis it was demonstrated that the investigated BIS index participates the most in the overall significance in group F. conclusion The scalp infiltration with local anesthetic bupivacaine results with stable hemodynamic parameters and stable intracranial pressure during the painful procedures as craniotomy.
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HeModynaMic and BiSPectraL cHanGeS dUrinG Pin inSertion in craniotoMy -effect of LocaLLy infiLtrated BUPiVacaine introdUction
The maintenance of the normal values of the arterial blood pressure and the control of the anesthesia depth during the perioperative period is one of the most important issues in the neuroanaesthesia, especially when we have patients with cerebral vascular changes and tumors. During the perioperative period the mean arterial pressure (MAP) values may increase or decrease excessively. A hazardous decrease in the arterial pressure, regardless of the underlying cause, leads to cerebral hypoperfusion and possible brain damage if this hypoperfusion lasts too long. On the other hand, any kind of nociceptive stimulation in an insufficiently anesthetized patient is associated with a sudden increase in the arterial blood pressure, which carries the risk of aneurysm rupture or a rapid increase in the intracranial pressure [1, 2] .
The hemodynamic response as sudden tachycardia and hypertension can occur even after an adequate proper depth of general anesthesia. This oriGinaL reSearcH PaPer 10 .1515/prilozi-2017-0029 stress response is detrimental in patients with intracranial pathology [3] .
The insertion of cranial pins for head stabilization is a method for head stabilization in elective craniotomy and together with skin incision is one of the prominent noxious stimuli. They induce in insufficiently anesthetized patients significant hemodynamic response, increased stress hormones and in patients with impaired autoregulation may lead to increased intracranial pressure [4, 5] .
The determination of the bispectral index (BIS) is a method which has gained popularity because it reflects the hypnotic and anesthetic depth. The BIS index is a measure derived from the processed electroencephalogram (EEG) data [ 6 ] . The BIS index has been shown to be superior to the other processed EEG parameters in assessing the depth of anesthesia and sedation [7, 8] . A BIS value of 40-65 is suitable for anesthesia [ 9 ] . The BIS index can be also used as a predictor of patient's response to nociceptive stimulus under anesthesia and it has decreased the incidence of intraoperative awareness [10, 11] .
These detrimental hemodynamic and awareness changes can be prevented by infiltration of the scalp with local anesthetic [12] or by skull block prior to pin placement [13] .
We hypothesized that the values of the BIS index and hemodynamic parameters would increase when skull pins are inserted and skin incision is performed although the anesthetic depth is adequate enough. It would remain unchanged when patients received local anesthetic bupivacaine infiltration of the scalp, which blocks the strong nociceptive stimuli followed with stable perioperative patient condition.
oBJectiVe
The objective of the study is to examine the superiority of the locally infiltrated anesthetic bupivacaine at the place of the pin insertion and the skin incision in preventing pain stimulation in patients with craniotomy measured through the changes in the bispectral index (BIS) and the hemodynamic parameters as mean arterial pressure and heart rate.
MateriaLS and MetHodS
The study was designed as prospective, control randomized research. This randomized prospective trial was conducted at the University After obtaining the written information consent from each patient, we enrolled a total of thirty patients of both genders, aged 20-70 years ASA physical status I and II, undergoing elective craniotomy.
Criteria for exclusion were patients with uncontrolled hypertension, patients undergoing emergency surgery, intracranial aneurysm surgery, those having significant cardiac, pulmonary, renal or hepatic disease, those having contraindication to beta blockers, or taking treatment that can affect hemodynamic parameters. Criterion for exclusion is the already known hypersensitivity to local anesthetic bupivacaine.
All patients were premedicated with diazepam 5 mg orally the night before the day of surgery and on the morning of surgery. In the operating room, a BIS sensor (Covidien) was attached to the forehead and the monitor was set to generate a value every 15 s. The routine monitoring consisted of an electrocardiogram (ECG), end tidal CO 2 , pulse oximetry, invasive blood pressure (IBP) and heart rate measurement.
The patients were induced with fentanyl 2µ/ kg, propofol 1.5-2 mg/kg and rocuronium in dose of 0.6mg/kg. Ventilation was maintained with a tidal volume of 6-8 ml/kg and respiratory frequency of 12-15/min. Anesthesia was maintained with continuous remifentanil infusion and isoflurane 1%-2% in mixture of 50% air/oxygen. The depth of the anesthesia was maintained within the BIS index value of 40-60.
After the normalization of the hemodynamic effects of the tracheal intubation (approximately 5 min after intubation), the patients were randomized in two groups. The first group (Group B) of 15 patients received 20ml 0.25% bupivacaine local anesthetic infiltrated at the place of the pin insertion and the skin incision. The second group (Group S) consisted of 15 patients same as the first one who received 20 ml saline scalp infiltration 2 to 5 minutes before the pin insertion and the skin incision. We followed the changes in the BIS index value and the hemodynamic parameters as the mean arterial pressure and heart rate using recorded values before the pin insertion and the skin incision in time (t0) and subsequently the regular intervals of 5 min (t1, t2, t3, t4) after the pin insertion for total time of 20 min.
HEMODYNAMIC AND BISPECTRAL CHANGES DURING PIN INSERTION IN CRANIOTOMY
StatiSticaL anaLySeS
The data for the continuous variables such as age, HR, MAP and BIS index were expressed as mean with SD. The comparison of the changes over time between the groups was carried out by using the independent Student's t-test and we used analysis of variance (ANOVA) to see the significance in comparing t0 with other time intervals for all three variables in two groups.
The post hoc test of Tukey for group S (difference between t0 and other time intervals) was also used to reveal the variable that contributes the most in the overall statistically significant result.
All statistical analyses were carried out with 5% level of significance, and P < 0.05 was considered as significant difference.
reSULtS
The investigation consisted of 30 patients divided in two groups, each of 15 patients, group B and group S. The demographic data are displayed in Table 1 as percentage and in Table 2 as mean value ±SD.
The gender structure of the examined people in either group is presented as percentage in Table  1 showing little predominance in males, but the overall difference in the gender distribution of the investigated people is without any significance between two groups.
According to the results presented in Table 2 there is no significant difference in the distribution of the variables as age, weight and height.
In Table 3 the three variables are presented as MV±SD: mean arterial pressure (MAP), heart rate (HR) and bispectral index (BIS) measured in four time intervals after the pin insertion t1 -2 min, t2 -5min, t3 -10min, t4 -15min. There is a significant difference p˂0.05 between the two groups for all three variables in time intervals t2 and t3, the significance in time interval t1 is shown for variables MAP and HR and in time interval t4 is shown for MAP and BIS.
In Table 4 the three variables are shown by comparing values in time interval t0 related to all following time measurement t1, t2, t3 and t4 with the goal to see which time interval contributes the most to the significant difference. For all three variables, time t0 compared to t1, t2, t3 and t4 shows significant difference in Gr. S. With post hoc Tukey test in Table 5 , 6 and 7 we can see that variable BIS in group S contribute the most in total significant difference.
diScUSSion
The scalp is densely innervated with C-fibers [14] . A lot of studies with scalp blocks and skin incision infiltration were done to describe the relief from postoperative pain after craniotomy as in the study of Bloomfield from 1998 and Biswas from 2003 [15, 16] . Subcutaneous infiltration with local anesthetic bupivacaine and the effect upon hemodynamics is for the first time investigated in the study of Hillman et al from 1987 [17] which demonstrated the blocking effect of the nerve endings for skin, subcutaneous tissue, muscles and periosteum of external part of the scalp.
Several possible mechanisms are suggested for the analgesic effect of the bupivacaine as local anesthetic. The studies of Pinosky from 1996 [3] and Hillman from 1987 [17] describe the membrane stabilizing effect occurring on smooth vascular musculature or sympathetic nerves. The prolonged activity of the bupivacaine is due to the decreasing of the absorption and the increasing of the capillary permeability. Since the scalp is highly vascularized we did not use vasoconstrictor as adjunct to the local anesthetic just to disable the possibility for accidental intravascular injection and absorption in circulation leading to hypertension and tachycardia.
The study of Kinna G Shah et al. from 2014 [18] investigated the changes of the hemodynamic parameters in patients with craniotomy who were divided in three groups depending on the substance which was infiltrated before the pin fixation and the scalp incision: the group with saline, the group with bupivacaine and the group with tramadol. The results demonstrated significantly higher values of the hemodynamic parameters in the group of saline.
Likewise, in the study of Mohammadin from 2003 [19] it is found that the biggest significant difference p = 0.03 using bupivacaine 0.25% is achieved through the heart rate changes. The study of Bloomfield from 1998 [15] reported a lacking hemodynamic response as result of the skin incision with 0.5% bupivacaine adding adrenaline as adjunct.
In the study of Bithal from 2007 [13] 44 patients with cervical discectomy were followed. In their skull were inserted cranial pins for fixation. In the group without locally infiltrated anesthetic changes in the hemodynamic parameters it occurred with significant difference compared to the other group. He also found that the bispectral index increased significantly in the group without local anesthetic.
These results correspond to the results in our study. We used 0.25 % bupivacaine as anesthetic and it was locally infiltrated at the place of the cranial pin insertion and the skin scalp incision. We selected bupivacaine because of its longer activity and safety for vascularized scalp tissue. We investigated the effect upon hemodynamics and awareness using the value of the bispectral index as measure of the anesthesia depth. Analyzing the results in both groups and comparing them, we found significant difference p<0.05 for all three parameters: MAP, HR and BIS index. The difference for the mean arterial pressure was statistically significant in all four time intervals (t1, t2, t3 and t4), for the heart rate the significant difference was in time intervals t1, t2 and t3 and for the BIS index the significant difference was in t2, t3 and t4.
Comparing the parameters changes in all four time intervals related to the initial time t0, 2-5min before the pin insertion we found significant difference in Group S where patients were locally infiltrated with saline. Also, our hypothesis was confirmed by monitoring the depth of the anesthesia (bispectral monitoring) following the BIS index which has shown big fluctuations using saline. With further analysis it was proven that precisely, the variable BIS index contributes the most to the total significance in Group S.
concLUSion
Scalp infiltration with local anesthetic bupivacaine results with stable hemodynamic condition and normal intracranial pressure during the painful procedures in craniotomy as pin insertion and skin incision. This condition is achieved through maintaining continuous appropriate anesthesia depth without increasing the nervous cell metabolism and without increasing the perfusion in the rigid cranial vault.
referenceS
